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$WD ORZIHHGUDWHRIPPV )LJXUHD WKHZHOG IRUPDWLRQ LV WKHUPDOO\GHWHUPLQHGDQGVKRZVDQHDUO\
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)LJXUHUHYHDOVDFKDQJHRYHUIURPDQHORQJDWHGNH\KROHZKLFKLVRSHQDWWKHUHDU)LJXUHDWRDVWUHDPDW
WKH ERWWRP RI WKH VKHHWZLWK LQFUHDVLQJ IHHG UDWH %HIRUH WKH FRQWLQXRXVPHOW VWUHDP DW WKH ERWWRP RI WKH VHDP
)LJXUH  F DSSHDUV D EULGJLQJ HIIHFW )LJXUH  E RFFXUV 7KH IDFW WKDW WKH URRW LV IRUPHG GXH WR WKH IOXLG
G\QDPLFV WKH VOLJKWO\ XSZDUG RULHQWHG ERWWRP VWUHDP FDXVHV D FKDQJH LQ URRW IRUPDWLRQ IURP FRQFDYLW\ WR
FRQYH[LW\
7KHVFKHPHLQ)LJXUHLOOXVWUDWHVWKHFRUUHODWLRQEHWZHHQIURQWDQJOHĬDQGWKHDEVRUEHGLQWHQVLW\RIWKHODVHU
EHDP 7KH ODVHU EHDPZLWK WKH IRFDO GLDPHWHU df VWULNHV WKH WLOWHG IURQW ZLWK LWV LQWHQVLW\ 7KH WRWDO LQWHQVLW\ LV








































7KHFULWLFDO IHHG UDWH IRU WKHRQVHWRIKXPSLQJJHQHUDOO\ LQFUHDVHVZLWK WKH IRFXVGLDPHWHU7KLV HIIHFW LV DOVR
H[DPLQHGE\+LUDPRWRHWDODQG*UDW]NHHWDO%RWKSXEOLFDWLRQVLQGLFDWHDQLQIOXHQFHRIWKHIRFXV
GLDPHWHUDQGKHQFHRIWKHZLGWKRIWKHZHOGVHDPRQWKHKXPSLQJLQVWDELOLW\
2.2. Dependency of the humping threshold on foil thickness and laser power  
7KHFULWLFDO IHHG UDWH IRU VWDLQOHVV VWHHOGHFUHDVHVZLWK WKH IRLO WKLFNQHVV7KLV HIIHFW LV LOOXVWUDWHG LQ)LJXUH




















7KHPXOWLSK\VLFDOVLPXODWLRQPRGHOGHYHORSHGDW WKH789LHQQD LVEDVHGRQ WKHRSHQVRXUFHVRIWZDUHSDFNDJH
2SHQ)2$0 7KH PDLQ SXUSRVH RI WKLV SDFNDJH LV WKH VLPXODWLRQ RI IOXLG G\QDPLFDO SKHQRPHQD 7KH ILQLWH
YROXPH DSSURDFK LV XVHG IRU WKH VROXWLRQ RI V\VWHPV RI FRXSOHG SDUWLDO GLIIHUHQWLDO HTXDWLRQV 7R UHGXFH WKH
SDUWLDOSHQHWUDWLRQ
SDUWLDOSHQHWUDWLRQ
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FDOFXODWLRQ HIIRUW DXWRPDWLF DGDSWLYH WLPH VWHS FRQWURO DQG DGDSWLYH UHPHVKLQJ VWUDWHJLHV DUH LQFRUSRUDWHG
)XUWKHUPRUHWKHFRGHLVIXOO\SDUDOOHOL]HGHQDEOLQJWKHFRPSXWDWLRQRQPXOWLSOHSURFHVVRUV
7R GHDO ZLWK ODVHU SURFHVVHV OLNH HJ ODVHU EHDPZHOGLQJPRGHOV IRU VHYHUDO SK\VLFDO SKHQRPHQD KDG WR EH
LPSOHPHQWHGLQWKHXQGHUO\LQJVRIWZDUHSDFNDJH7KHEDVLFSULQFLSOHVRIWKHGHYHORSHGPRGHODUHGHVFULEHGLQ2WWR
HWDODQGDUHUHSHDWHGKHUHEULHIO\










7R WDNH WKHH[SDQVLRQDQGFRQWUDFWLRQGXULQJ WKHSKDVHFKDQJHV LQWRFRQVLGHUDWLRQDFRQFHSWRI UHODWLYHGHQVLWLHV
ZDVGHYHORSHGWKDWDOVRWDNHVLQWRDFFRXQWFRPSUHVVLELOLW\(DFKSKDVHKDVDFHUWDLQGHQVLW\DWQRUPDOFRQGLWLRQV
WKDW FDQ EH FDOFXODWHG RU JLYHQ DV YDOXH LQ DGYDQFH 7KLV GHQVLW\ LV DFFRXQWHG IRU DV WKH QRUPDO GHQVLW\ )RU
HYDSRUDWLRQ WKHQRUPDOGHQVLWLHVRI WKH LQFRUSRUDWHG OLTXLGDQGYDSRUSKDVHDUHGLIIHUHQWE\RUGHUVRIPDJQLWXGH
7KXVWKHYDSRUSKDVHLVVWURQJO\FRPSUHVVHGLQLWLDOO\DQGWKHUHODWLYHGHQVLW\YDOXHZKLFKLVWKHUDWLREHWZHHQWKH
DFWXDO GHQVLW\ DQG WKH QRUPDO GHQVLW\ LV FRQVHTXHQWO\ YHU\ KLJK %DVHG RQ WKH UHODWLYH GHQVLW\ ZH DUH DEOH WR
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7KHGLVWDQFHRI WKHKXPSVDQG WKXV WKHKXPSIUHTXHQF\GHSHQGVRQ WKHGLVWDQFHEHWZHHQ WKHDERYHGHVFULEHG
UHXQLRQRI WKHPHOW VWUHDPVDQG WKHPHOW WKLQQLQJDUHD:HFDOO WKLVGLVWDQFH WKHKXPSLQJ OHQJWK2EYLRXVO\ WKLV
KXPSLQJOHQJWKGHSHQGVQRWRQO\RQWKHPHOWSRROOHQJWKEXWDOVRRQWKHRSHQDUHDEHKLQGWKHDEVRUSWLRQIURQWWKDW













x 7KHKLJKHU WKH IHHG UDWH WKH VPDOOHU WKH LQFOLQDWLRQ DQJOH RI WKH DEVRUSWLRQ IURQW VHH ILJXUH 7KXV WKH
XSZDUGPRPHQWXPRIWKHPHOWLQFUHDVHVZLWKKLJKHUIHHGUDWHDQGWKXVWKHWHQGHQF\IRUKXPSLQJZKLFKLV
WUXHIRUDOOSDUDPHWHUVXQGHUH[DPLQDWLRQ
x 7KHVPDOOHU WKHIRFXVGLDPHWHU WKHVKRUWHU WKHKXPSLQJ OHQJWK7KXVZHDOVRQHHG OHVVPDWHULDO WRIRUPD
KXPS)XUWKHUPRUHWKHGUDJIRUFHVDUHUHGXFHGDVWKHHYDSRUDWLRQSUHVVXUHDWWKHDEVRUSWLRQIURQWGHFUHDVHV
ZLWK ORZHU LQWHQVLW\ $GGLWLRQDOO\ WKH GUDJ IRUFHV RQ WKH VLGH ZDOOV RI WKH GHYHORSLQJ NHUI DUH UHGXFHG
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